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(37) ABSTRACT

Provided 1s a positioming information application system
that 1s a configuration including a wearable device capable
ol acquiring the current position, and accurately determines
and uses the position of the user; a gateway device; and a
wearable device.

Comprising a wearable device 2 that 1s worn by a user and
can acquire the current position, and a gateway device 3 that
1s a device capable of near-field communication with the
wearable device 2 and can acquire or stores the current
position. The wearable device 2 and gateway device 3 work
together to determine whether first positioning information
P1 indicating the current position of the wearable device 2,
or second positioning information P2 indicating the current
position of the gateway device 3, more accurately indicates
the location of the user 7 wearing the wearable device 2 (step
S5A, S6A), and uses the positioning information determined
to be more accurate as the position of the user 7 (step STA,

S13A, S14A).
11 Claims, 6 Drawing Sheets
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USING LONGITUDE AND LATITUDE

N 34 22 26"
E 133" 55' 43.4"

USING UTM GRID COORDINATES
(MGRS COORDINATES)
53SME 015-034

FIG. 5A

6 digits (3+3). 100 m precision
8 digits (4+4): 10 m precision
10 digits (5+5): 1 m precision

ldentifies a 100-km grid square (can be omitted)

53: zone designator (63 =E 132 - 138 )
S: alphabetic letter designating an 8 high latitude band

ME: 100-km grid square designator
(identifies a 100-km square area)

FIG. 5B
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7131 (FRI) 17:26

CURRENT LOCATION
23SME 015-034

CURRENT LOCATION
53SME 015-034

AFTER EXITING, GO

FIG. 6
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POSITIONING INFORMATION
APPLICATION SYSTEM, GATEWAY
DEVICE, AND WEARABLE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a U.S. National Phase Application of International

Patent Application No. PCT/JP2016/003670 filed on Aug. 9,
2016, which claims priority to Japanese Patent Application
No. 2015-157973, filed on Aug. 10, 2015. The entire dis-
closure of Japanese Patent Application No. 20135-157975 1s
hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a positioning information
application system, a gateway device, and a wearable
device.

BACKGROUND

Emergency evacuation guidance systems for quickly
informing and guiding users to safe evacuation sites close to
the location of the user when an earthquake occurs are
known from the literature (see, for example, JP-A-2010-
224723). This system uses a cell phone as a user terminal,
and acquires earthquake reports from a public information
broadcasting organization through a cell phone tower or
other base station. Based on epicenter and magnitude infor-
mation, the system also provides evacuation site guidance
directing users to safe evacuation sites within the service
area of the base station. PTL 1 describes the base station
using the GPS system to acquire the absolute coordinates of
the base station as latitude and longitude information.

SUMMARY

Wearable devices capable of communicatively connecting,
to the Internet through a smartphone or other gateway device
have recently also become available. Because the wearable
device usually displays the location of the user if the
wearable device 1s able to acquire the current location using
GPS satellites, the wearable device can provide information
that 1s useful to the user, such as reporting the location of the
user.

However, depending on the reception performance or
current environment of the wearable device, the accuracy of
the current location may drop, and precisely identitying the
location of the user may not be possible.

An objective of the present mmvention 1s therefore to
provide a wearable device, gateway device, and positioning,
information usage system capable of 1dentifying with high
precision the location of a user.

A positioning information application system including: a
wearable device that 1s worn by a user and can acquire the
current position, and a gateway device that 1s a device
capable of near-field communication with the wearable
device and can acquire or stores the current position; the
wearable device and gateway device having a decision unit
that determines whether first positioning information indi-
cating the current position of the wearable device, or second
positioning information indicating the current position of the
gateway device, 1s more accurate as the location of the user.

Because this configuration determines whether the first
positioning information indicating the current position of the
wearable device, or the second positioning information
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2

indicating the current position of the gateway device, 1s
more accurate as the location of the user, the positioning
information determined to be more accurate can be used as
the position of the user. As a result, the position of the user
can be accurately determined and used.

The positioning information application system described
above, further including a positioning imnformation applica-
tion unit that uses as the position of the user whichever of the
first positioning information and second positioning infor-
mation was determined to be more accurate; the positioning,
information application unit executing a process of reporting
the positioning information to the user. This configuration
can accurately inform the user of the user’s location, and the
user can more easily accurately communicate the user’s
location to another person.

The positioning information application system described
above, wherein the positioning information application unit
converts the positioming information to a grid coordinate
system ol a map used by organizations that may be candi-
dates to be informed of the positioning information, and
reports to the user. This configuration can accurately com-
municate the user’s location to the user 1n a format useful for
communication to a candidate contact organization, and can
casily and accurately communicate the location to that
organization.

The positioning mnformation application system described
above, wherein the positioning information application unit,
when the decision unit determines the accuracy of the first
positioning information and second positioning information
1s the same, uses the first positioning information for the
position of the user. Because the gateway device 1s more
likely than the wearable device to be at a position removed
from the user, this configuration can more easily acquire the
location of the user.

The positioning information application system described
above, wherein the positioning information application unit
acquires based on the positioning information, and reports to
the user, a route to be traveled by the user. This configuration
can inform the user of the route to travel.

The positioning mnformation application system described
above, wherein the positioning information application unit
queries, through the gateway device, a service-providing
server, which provides a route to be traveled based on
positioning information, for a route based on the positioning
information, and acquires the route. This configuration can
more easily acquire an appropriate route using information
known on the service-providing server side. The service-
providing server side can also determine the location of the
user for use 1n subsequent rescue operations when a disaster
occurs, for example.

The positioning information application system described
above, wherein at least one of the wearable device and
gateway device 1s able to receive emergency reports; and
when a report 1s received, the decision unit starts the
decision process, and the positioning information applica-
tion unit executes the application process. This configuration
enables quickly and accurately identiiying the location of
the user when triggered by a disaster report, and quickly
taking appropriate action based on the positioning informa-
tion.

The positioning information application system described
above, wherein the decision unit, based on at least informa-
tion related to the GPS positioming accuracy, determines
whether the first positioning information or the second
positioning information 1s more accurate. This configuration
enables accurately determining the more accurate position-
ing information.
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Another aspect of the invention 1s a gateway device that
can acquire or store the current position, 1s a device capable
ol near-field communication with a wearable device that i1s
worn by a user and can acquire the current position, and
includes: a decision unit that, in cooperation with the wear-
able device, determines whether first positioning informa-
tion indicating the current position of the wearable device,
or second positioning information indicating the current
position of the gateway device, 1s more accurate as the
location of the user; and a positioming information applica-
tion unit that uses, as the position of the user, whichever of
the first positioning information and second positionming,
information was determined to be more accurate.

This configuration determines whether the first position-
ing mformation indicating the current position of the wear-
able device, or the second positioning information indicating
the current position of the gateway device, 1s more accurate
as the location of the user, and uses the positioning infor-
mation determined to be more accurate as the position of the
user. As a result, the position of the user can be accurately
determined and used.

Another aspect of the invention 1s a wearable device that
1s worn by a user and can acquire the current position, and
has a decision umit that, 1n cooperation with a gateway
device that can acquire or store the current position, and 1s
capable of near-field communication with the wearable
device that 1s worn by a user and can acquire the current
position, determines whether first positioning information
indicating the current position of the wearable device, or
second positioning information indicating the current posi-
tion of the gateway device, 1s more accurate as the location
of the user; and a positioning information application unit
that uses, as the position of the user, whichever of the first
positioning mformation and second positioning information
was determined to be more accurate.

This configuration determines whether the first position-
ing mformation indicating the current position of the wear-
able device, or the second positioning information indicating
the current position of the gateway device, 1s more accurate
as the location of the user, and uses the positioming infor-
mation determined to be more accurate as the position of the
user. As a result, the position of the user can be accurately
determined and used.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 illustrates a guidance system related to an embodi-
ment of a positioning information application system
according to the mvention.

FIG. 2 1llustrates the functional configuration of parts of
a guidance system.

FIG. 3 illustrates the operation of the guidance system.

FIG. 4 shows an example of a UTM grid map.

FIG. 5A 1llustrates the relationship between UTN grid
coordinates and latitude and longitude.

FIG. 5B illustrates the format of UTN grid coordinates.

FIG. 6 shows an example of an evacuation route display.

DESCRIPTION OF EMBODIMENTS

Embodiments of the invention are described below with
reference to the figures.

FI1G. 1 illustrates a guidance system related to an embodi-
ment of a positioning information application system
according to the mvention.

The gmdance system 1 1s a system that provides users
with information useful for evacuation guidance to numer-
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4

ous users. The guidance system 1 includes a wearable device
2 worn by a user, a gateway device 3 capable of near-field
communication with the wearable device 2, an evacuation
guidance server 5 that communicatively connects to a com-
munication network (the Internet 1n this embodiment) 4, and
a disaster reporting server 6 that issues reports when a
disaster occurs. This embodiment 1s describes an example
using a single user 7.

Note that near-field communication 1s a method of com-
municating over short distances of several centimeters to
several ten centimeters using less transmission power than
normal communication. One example 1s the international
wireless communication standard known as Near Field
communication (NFC).

The evacuation guidance server S 1s a server managed by
an emergency management organization that develops and
implements emergency response plans when a disaster
occurs, and 1s a server of a service provider that provides
information useful for evacuation guwdance to multiple
users, including user 7, through the communication network

4.

Disasters to which the gmidance system 1 1s directed are
emergencies creating a need to take refuge, and are not
limited to natural disasters such as earthquakes, wind and
water damage, and volcanic eruptions, and include disasters
from war and terrorism, fire, and accidents. The guidance
system 1s also not limited to addressing all said disasters, and
may be directed to one or more particular types of emer-
gencies.

The disaster reporting server 6 1s an announcement server
in a disaster reporting system that reports disasters, and
reports a disaster through the communication network 4 to
multiple users including user 7. More specifically, the disas-
ter reporting server 6 may broadcast earthquake reports and
tsunami warnings broadcast by a national meteorological
agency, and emergency and evacuation information broad-
cast by national and regional government authorities, to
terminal devices (such as the gateway device 3 of the
invention).

The wearable device 2 15 a relatively small device worn or
carried by the user 7. The wearable device 2 1s a mobile
information processing device having at least a positioning
function for acquiring the current location, and a commu-
nication function enabling near-field communication with a
gateway device 3. In this embodiment, the wearable device

2 1s a wristwatch-type device that can be worn on the wrist
by the user 7, and 1s an example of currently popular IoT
(Internet of Things) devices.

The wearable device 2 has a power generator 19, and
stores power generated by the power generator 19 in the
power supply 20. The power generator 19 may use a wide
range of known generating devices, including solar power
generation, thermoelectric generation, and devices that use
the kinetic energy of a rotary pendulum that turns with
movement of the user’s 7 wrist. The power supply 20
supplies operating power to other parts of the wearable
device 2. By having a power generator 19, the wearable
device 2 can continue operating without losing power 1n
times ol emergency.

The gateway device 3 1s a device that relays communi-
cation between the wearable device 2 and devices connected
to the communication network 4 (including an evacuation
guidance server 5 and a disaster reporting server 6), and has
at least communication functions for communicating by
near-field communication with the wearable device 2 and
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communicating with devices connected to the wireless net-
work 4, and a positioning function enabling acquiring its
current location.

FIG. 1 1illustrates an example in which a smartphone
(mobile communication terminal) carried by the user 7 and
able to access the communication network 4 through a
mobile communication network i1s used as the gateway
device 3.

Some possible configurations of the gateway device 3 are
described below. The gateway device 3 may be a mobile
communication device other than a smartphone, such as a
simple cell phone or wireless router. The gateway device 3
may also be configured as a moving communication termi-
nal (such as an airship, drone, or other aircrait, or a vehicle
that travels on roads), or a stationary communication termi-
nal aflixed to the ground or a building. The moving or
stationary commumnication terminal may be a base station
forming part of a wireless communication network. For
example, a moving base station may be configured as an
airship or drone that 1s used during a disaster to restore a
mobile communication network and 1s capable of deploying,
a wireless LAN or other near-field communication zone as
needed. A stationary base station may be installed on each
floor of a building, for example, and capable of creating a
wireless LAN or other near-field communication area as
needed.

FIG. 2 1llustrates the functional configuration of parts of
the guidance system 1.

The wearable device 2 has a controller 11, sensor unit 12,
input unit 13, storage 14, near-field communication unit 15,
display 16, audio output umt 17, and position acquisition
unit 18.

The controller 11 has the configuration of a computer
including a CPU, ROM, and RAM, and functions as an
information processor that centrally controls other parts and
operating processes. The sensor unit 12 includes a sensor for
acquiring vital information for the user 7, the wearer. One or
more of the following sensors may be used as the sensor: an
acceleration sensor (including a gravity sensor) that detects
acceleration; an angular velocity sensor that detects angular
velocity; a pulse rate sensor that detects the pulse rate of the
user 7; a blood pressure sensor that detects the blood
pressure of the user 7; a brain wave sensor that detects brain
waves ol the user 7; temperature sensor that detects the
temperature; a geomagnetic field sensor that detects geo-
magnetism (also called an orientation sensor); or a baromet-
ric pressure sensor (also called an altitude sensor). Note that
the vital information acquired by the sensor unit 12 may be
narrowly defined vital signs (pulse rate, blood pressure,
blood oxygen saturation, and body temperature), or more
broadly defined vital signs including brain waves, body fat
percentage, and blood type.

The controller 11 detects the physical activity and physi-
cal abnormalities of the user 7 by detecting, by the sensor
unit 12, the movement (acceleration, angular velocity, direc-
tion of travel (onentation)), change in altitude (barometric
pressure change) and other vital information (pulse rate,
blood pressure, blood oxygen saturation, brain waves) of the
user 7. A physical abnormality 1s determined 11, for example,
the pulse rate, blood pressure, or brain wave information, for
example, meets a specific predetermined condition. The
temperature sensor may be used to detect the temperature of
the user 7, or to detect the ambient temperature. Methods
known from the literature may be used to detect physical
activity and physical abnormalities.

Note that the sensor unit 12 1s not limited to detecting the
vital information of the user 7, and may be used to detect
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movement of the wearable device 2, for example. For
example, if the wearable device 2 has an 1maging unit
(camera), 1mage stabilization based on the detection results

from an angular velocity sensor may be applied.

The input unit 13 1s a device for inputting user 7 nstruc-
tions, and may mput user 7 mstructions through operating
switches not shown or a touch panel disposed to the display
16, for example.

The storage 14 1s a device for storing control programs
and data required for the wearable device 2 to execute
Processes.

The near-field communication unit 15 1s a device that
communicates by near-field communication with the gate-
way device 3, for example, as controlled by the controller
11, and 1n this embodiment communicates by Bluetooth®,
wireless LAN, or ZigBee®. In this embodiment, as shown in
FIG. 2, the wearable device 2 and gateway device 3 can
communicate with a printer 9 having a near-ficld commu-
nication unit 31 conforming to the same standard. As a
result, by wirelessly sending print data from the wearable
device 2 or gateway device 3 to the printer 9, the print unit
32 (media output unit) of the printer 9 can output print media
recording an 1mage corresponding to the print data.

The display 16 has an LCD panel, OLED panel, e-paper,
or other type of display device, and displays information for
the user 7 as controlled by the controller 11. The audio
output unit 17 includes an amplifier and speaker, and outputs
audio to the user 7, as controlled by the controller 11.

The position acquisition unit 18 1s a device that acquires
the current location using GPS (Global Positioning System),
receives radio signals from GPS satellites through a GPS
antenna not shown, and calculates the current position
expressed by latitude and longitude. Note that this embodi-
ment uses the GPS system as an example, but positioning
detection methods using other than the GPS system may be
used.

The gateway device 3 includes a controller 21, commu-
nicator 22, input unit 23, storage 24, near-field communi-
cation unit 23, display 26, audio output unit 27, and position
acquisition unit 28.

The controller 21 1s configured like a computer with a
CPU, ROM, and RAM, and functions as an information
processor that centrally controls other parts and operating
processes. The communicator 22 communicates as con-
trolled by the controller 21 according to a specific wireless
communication network standard, for example. As a result,
the gateway device 3 can use services (such as disaster
reports from a telephone or cell phone company) that use a
wireless communication network, and can use services from
the communication network 4 through the wireless commu-
nication network.

The communicator 22, as controlled by the controller 21,
relays communication between the wearable device 2 and
communication network 4. As a result, the wearable device
2 can access the communication network 4, and receive data
from servers connected to the communication network 4.

The input unit 23 1s a device for inputting user 7 nstruc-
tions, and mputs user 7 instructions through operating
switches not shown and a touch panel disposed to the display
16, for example.

The storage 24 1s a device that stores control programs
and data required by the gateway device 3 to execute
processes. A coordinate conversion database (coordinate
conversion DB) 24A storing information for converting
latitude and longitude positioning information to UTM gnid
coordinates as described below.




US 10,070,260 Bl

7

The near-field communication unit 25 1s a device that
communicates wirelessly by near-field communication with
the wearable device 2 and printer 9, for example, as con-
trolled by the controller 21, and in this embodiment com-
municates by Bluetooth®, wireless LAN, or ZigBee®.

The display 26 has an LCD panel, OLED panel, or other

type of display device, and displays information for the user
7 as controlled by the controller 21. The audio output unit 27
includes an amplifier and speaker, and outputs audio to the
user 7 as controlled by the controller 21.

The position acquisition unit 28 1s a device that acquires
the current location using GPS, receives radio signals from
GPS satellites through a GPS antenna not shown, and
calculates the current position from latitude and longitude
information. Note that this embodiment uses the GPS sys-
tem as an example, but positioning detection methods using,
other than the GPS system may be used.

Because the guidance system 1 1s a system that, when a
disaster occurs, accurately reports the location of the user 7,
and provides an evacuation route based on the accurate
location, accurately determining the location of the user 7 1s
essential.

The location of the wearable device 2 worn by the user 7
can normally be considered the location of the user 7.
However, the location of the user 7 cannot be determined 1f
the current location of the wearable device 2 cannot be
accurately detected due to the ambient environment, for
example. Because the gateway device 3 in this embodiment
of the mvention 1s a device that communicates by near-field
communication with the wearable device 2, and more par-
ticularly 1s a smartphone carried by the user 7, the location
of the gateway device 3 may also be considered the location
of the user 7.

To accurately determine the location of the user 7, this
embodiment of the mvention executes a process ol deter-
mimng which 1s more accurate, first positioning information
P1 i1dentitying the current location detected by the wearable
device 2, or second positioming information P2 indicating
the current location detected by the gateway device 3. The
operation of the guidance system 1, including this decision
process, 1s described below.

FIG. 3 1llustrates the operation of the guidance system 1.
This guidance system 1 starts operating when triggered by a
disaster report (referred to below as disaster emergency
report D1) from the disaster reporting server 6. This opera-
tion supposes that the wearable device 2 and gateway device
3 are executing a process ol periodically acquiring the
current location by means of their respective position acqui-
sition units 18, 28.

As shown 1n FIG. 3, the disaster reporting server 6 quickly
sends a disaster emergency report D1 to the gateway device
3 when an emergency occurs (step S1A). The gateway
device 3, as controlled by the controller 21, processes
reporting the disaster emergency report D1 to the user 7
through the display 26 and audio output unit 27 (step S2A).
As controlled by the controller 21, the gateway device 3 also
sends the disaster emergency report D1 by the near-field
communication unit 235 to the wearable device 2 (step S3A).

When a disaster emergency report D1 1s receirved, the
wearable device 2, as controlled by the controller 11, pro-
cesses reporting the disaster emergency report D1 to the user
7 by means of the display 16 and audio output unit 17 (step
S4A). Also as controlled by the controller 11, the wearable
device 2 sends first positioning information P1 acquired by
the position acquisition unit 18 with positioning accuracy
information DP1 to the gateway device 3 (step S5A).
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The positioning accuracy information DP1 1s information
related to the positioning accuracy of the first positioning
information P1, and in this embodiment of the invention 1s
information indicating the GPS signal reception condition
and time-of-acquisition information. The imnformation indi-
cating the GPS signal reception condition includes a DOP
(Dilution Of Precision) value and signal reception strength.
The DOP value 1s determined by the locations of the GPS
satellites overhead, and GPS positioning accuracy increases
as the DOP wvalue decreases. A particularly low signal
reception strength value indicates positioning accuracy may
be low. The time-of-acquisition 1s the time the current
location was most recently acquired, and the older the
time-of-acquisition, the greater the likelthood that the posi-
tioning information differs from the actual current location.
Note that the positioning accuracy information DP1 includes
at least one of the DOP value and time-of-acquisition.

When the first positioning information P1 and positioning
accuracy information DP1 are received, the gateway device
3 executes a process of determining which of the most recent
second positioning nformation P2 and first positioning
information P1 acquired by the position acquisition unit 28
more accurately indicates the position of the user 7 (step
S6A). This decision process may be executed together by the
gateway device 3 and wearable device 2, and 1n this example
1s executed by the controller 21 of the gateway device 3.

In this event, the controller 21 first acquires information
equivalent to positioning accuracy mformation DP1 for the
wearable device 2, and positioning accuracy information
DP2 for the gateway device 3. This positioning accuracy
information DP2 1s mformation related to the positioning
accuracy of the second positioning information P2, and 1n
this embodiment 1s information indicating the GPS signal
reception condition (DOP value and time-of-acquisition),
and information indicating the time of acquisition.

Next, the controller 21 compares the positioning accuracy
information DP1 and positioning accuracy information DP2,
and based on the result determines whether the first posi-
tioning mformation P1 or second positioning information P2
1s more accurate. For example, 1 both DOP values are
within a predetermined normal range, the positioning infor-
mation with the newest time-of-acquisition 1s determined to
be more accurate, and if either DOP value 1s outside the
normal range, the positioning information corresponding to
the other DOP value 1s determined to be more accurate.

If the first positioning mnformation P1 and second posi-
tioning mformation P2 are determined to be equally accurate
based only on the positioning accuracy mformation DP1 and
positioning accuracy information DP2, the controller 21
may use the second positioning information P2 as the
location of the user 7.

Because the gateway device 3 1s generally less limited 1n
terms of size, for example, than the wearable device 2, the
gateway device 3 may be configured with a relatively large
GPS antenna enabling relatively greater positioning perfor-
mance. If the accuracy of the positioning information of the
gateway device 3 and wearable device 2 cannot be difler-
entiated, acquiring the most recent location 1s easier by
prioritizing use of positioning information from the gateway
device 3.

Note that 11 the gateway device 3 1s a mobile or stationary
base station configuring part of a wireless communication
network, highly precise positioning information (second
positioning information P2) may be stored or measured by
the base station. If a base station disposed 1n a building, even
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more precise, detailed positioning information including the
floor on which the base station 1s deployed may also be
stored.

In this case, the gateway device 3 within near-field
communication range may be considered the location of the
user 7, and the positioning information (second positioning,
information P2) of the gateway device 3 may be determined
to be the lighly accurate location of the user 7.

Furthermore, if the first positioning mmformation P1 and
second positioming information P2 are determined to be
equally accurate based only on comparing the positioning
accuracy information DP1 and positioning accuracy infor-
mation DP2, the second positioning information P2 may be
used as the accurate location of the user 7. Because the
possibility of the gateway device 3 being at a position farther
from the user 7 than the wearable device 2 1s also high, using
the second positioning information P2 measured by the
wearable device 2 as the location of the user 7 enables more
casily determining the position of the user 7.

Once the controller 21 determines which of the first
positioning information P1 and second positioning informa-
tion P2 1s more accurate, the gateway device 3, using the
latitude and longitude positioming information determined to
be more accurate, acquires and displays on the display 26 the
UTM grid coordinates GZ (step S7TA). The controller 21 also
runs the process of converting the positioning information to
UTM grid coordinates GZ and displaying the location. Note
that the controller 21 uses the coordinate conversion data-
base 24A (see FIG. 2) to UTM grid coordinates GZ.

More specifically, the controller 21 functions as a decision
unit that performs the foregoing decision process, and a
positioning information application unit for mforming the
user 7.

UTM gnid coordinates are described next.

The UTM grid 1s a grid map coordinate system defined by
an international standard, 1s known internationally as the
MGRS (Military Grid Reference System), and 1s a method
of determiming a position on Earth, and the format of
positioning information expressed by this method. As
described below, an advantage of using the UTM gnd
system 1s that a position can be expressed more easily than
with latitude and longitude coordinates.

FIG. 4 shows an example of a UTM grid map applying the
UTM grid to a map. FIG. SA 1illustrates the relationship
between UTN grnid coordinates and latitude and longitude,
and FIG. 5B illustrates the format of the UTN grid coordi-
nates.

A UTM Grid map 1s a map that divides a map created as
a Universal Transverse Mercator (UTM) conformal projec-
tion mto units of a specific length on the north-south axis and
cast-west axis. A UTM Grid map has a grid (standard lines)
extending north-south and east-west at specific intervals,
and uses coordinates to 1dentily specific areas (grid zones) 1n
the grid. These coordinates are called UTM Grid coordi-
nates.

In a typical UTM Grid, a target area (which may be the
entire Earth) 1s divided 1nto grid squares a maximum 100 km
per side, and the 100 km grid squares are further divided into
a grid of smaller areas at a 100 m, 10 m, or 1 m precision.
UTM gnd coordinates have a hierarchical structure com-
bining a 5-digit area code 1dentitying the largest grid square,
and a code of a specific number of digits identifying a
position within the grid square.

FIG. 5B shows 53SME as an example of a 5-digit area
code 1dentifying a 100 km grid square. In this area code, 53
1s the zone number indicating the east-west position. The
latitude (north-south direction) 1s divided into bands 8° high,

10

15

20

25

30

35

40

45

50

55

60

65

10

an alphabetic letter 1s assigned to each band, and i this
example the S 1n the area code 1dentifies the latitude band.
The ME in the area code 1s a 100-km UTM gnid square code
identifving a specific 100-km square area. The east-west
zone number 1dentifies a longitudinal zone (in the example
in the figure, 132-138° east longitude), and the code 1ndi-
cating the north-south position corresponds to a latitude
band of a specific height (8° latitude 1n the example 1n the
figure). The area code can be omitted. For example, to
express a position anywhere in Japan using UTM gnd
coordinates, the area code 1s required because the target area
1s significantly larger than the 100 km square size of the
maximum grid square. However, to 1dentily a location in an
area contained within a 100 km square, every position will
have the same 5-digit area code, and the area code can be
omitted.

The square areas into which grid squares are divided at
100 m, 10 m, or 1 m precision are identified by an n-digit
number (where n 1s an integer) 1dentifying the north-south
position, and an n-digit number i1dentifying the east-west
position. This number of two n-digit values may also be
referred to as MGRS coordinates. For example, the UTM
orid coordinates of the area including the position indicated
by the arrow 1n FIG. 4 are 886-333. In the example 1n FIG.
5A, the position identified by the longitude and latitude
coordinates 34°22'2.6"N and 133°55'43.4"E 1s 1dentified by
the UTM grid coordinates 53SME 015-034.

If the grid interval 1s 100 m, the UTM grid coordinates are
a 6-digit value where n=3. If the grid interval 1s 10 m, the
UTM grid coordinates are an 8-digit value where n=4. If the
orid interval 1s 1 m, the UTM grid coordinates are a 10-digit
value where n=3.

The UTM gnid coordinates thus define an area including
a specific position (location), and the positioning precision
1s determined by the size of the grnid (100 m, 10 m, or 1 m).
If the UTM grid coordinates are a 6-digit value, such as
015-034, an area 100 m square can be 1dentified, or 1n other
words, the precision 1s 100 m. The precision 1s 10 m if the
coordinates are 8 digits long (4+4 digits), and the precision
1s 1 m 1f the coordinates are 10 digits long (5+5 digits).
Increasing the number of digits i the coordinates enables
identifving a location with high precision, and if high
precision 1s not required, the number of digits in the coor-
dinates can be reduced

To express the current location 1n latitude and longitude
using a 5 digit value for example, three digits are required
in the 1mteger portion, and the decimal portion 1s two digits.
Because 1° of latitude and longitude 1s approximately equal
to 111 km (40000 km/360°), a 2-digit decimal portion means
a precision of approximately 1.11 km. More digits are
required to express a location with greater precision, and 1t
the decimal portion 1s 4 digits (the total length 1s 7 digits),
the positioning precision 1s approximately 11 m.

In other words, 11 a method of i1dentifying a location by
latitude and longitude 1s used, and a certain degree of
precision 1s required, a long string of many digits including
seven or more digits expressing the latitude and seven or
more digits expressing the longitude 1s required. Commu-
nicating such a long string of numbers verbally invites
communication errors.

For the {foregoing reason, using grid coordinates 1s
extremely eflective. More specifically, a UTM coordinate
value using a combination of 4+4 digits can express a
position with the same precision as latitude and longitude
coordinates of 7+7 digits.

An advantage of using UTM grid coordinates 1s that less
information 1s required to express the same position than
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with latitude and longitude coordinates, and the expression
1s stmpler. In the examples shown in FIG. SA and FIG. 5B,
the area code 353SME can be omitted, the coordinates
expressed as only 015-034, and the position identified by
this 6-digit value can be i1dentified with 100 m precision.
Because the coordinate structure 1s simple, the coordinates
can be easily and accurately communicated from person to
person, which 1s particularly useful when communicating a
location by telephone or radio. If a UTM grid map and UTM
orid coordinates are used, even someone that 1s unfamiliar
with local place names or addressing methods can easily
identily and know a position. In places with place names that
are diflicult to read or have complicated administrative
divisions, place names and addresses can be diflicult for
someone from a different place to understand. When a
disaster occurs, it 1s therefore desirable for people involved
in rescue operations in the disaster zone to be able to use a
method that does not depend on place names and addresses
to 1dentily a specific location in the disaster zone. A method
that does not use place names and addresses 1s particularly
desirable 1n the case of a wide area disaster or search and
rescue operation requiring rescue workers from outside the
local area. UTM grid coordinates are therefore an extremely
ellective tool for communicating positioning information
because locations can be i1dentified more reliably using few
digits.

As shown 1n FIG. 3, when the UTM gnd coordinates GZ.
are acquired by the gateway device 3 1n this guidance system
1, the UTM gnid coordinates GZ are sent from the gateway
device 3 to the wearable device 2 as controlled by the
controller 21 (step S8A). The wearable device 2 then dis-
plays the UTM gnd coordinates GZ on the display 16 as
controlled by the controller 11 (step S9A). In other words,
similarly to the controller 21 of the gateway device 3, the
controller 11 of the wearable device 2 functions as a posi-
tioming mformation application unit that acquires and reports
the UTM grid coordinates GZ to the user 7.

This enables the user 7 to know the user’s location in
UTM grid coordinates GZ by both the gateway device 3 and
wearable device 2. The user 7 can therefore more easily
communicate the user’s location to another person (such as
an emergency response organization) by telephone. Further-
more, even 1f the gateway device 3 1s 1n the backpack or
purse of the user 7, the user 7 can easily know the UTM grid
coordinates GZ through the wearable device 2.

This guidance system 1 also enables querying a evacua-
tion guidance server 5 for an evacuation route using the
UTM grid coordinates GZ. As shown in FIG. 3, this query
1s handled by the controller 21 of the gateway device 3 that
also executes the process of converting to UTM grid coor-
dinates GZ. (step S10A). In this case, the controller 21 sends
the UTM grid coordinates GZ and an evacuation route query
to the evacuation guidance server 5 through the communi-
cator 22.

Upon receiving the query, the evacuation guidance server
5 determines the location of the evacuee (user 7) from the
UTM gnd coordinates GZ, acquires an evacuation route
from that location to the best evacuation site, and sends
e¢vacuation route information DK to the gateway device 3
(step S11A).

The evacuation route information DK 1s data for display-
ing an evacuation route, and in this embodiment of the
invention 1s image data indicating the evacuation route. The
information 1s not limited to 1image data, and may be data
enabling the gateway device 3 to display the evacuation
route by using a route searching function (such as position-
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ing information indicating the destination (the most suitable
e¢vacuation site) and route information).

Note that because the communication network 4 may be
congested 1n a disaster, the gateway device 3, or both the
gateway device 3 and wearable device 2, preferably display
a message such as “search 1n progress™ until the evacuation
route information DK 1s received.

When the evacuation route information DK 1s received,
the gateway device 3, as controlled by the controller 21,
sends the evacuation route mformation DK to the wearable
device 2 by the near-field communication umt 235 (step
S12A), and executes an evacuation route reporting process
(step S13A). In addition, when the wearable device 2
recerves the evacuation route information DK, the wearable
device 2 executes an evacuation route reporting process as
controlled by the controller 11 (step S14A). This reporting
process displays the evacuation route and thereby commu-
nicates the evacuation route to the user 7.

More specifically, the controller 21 of the gateway device
3, and the controller 21 of the wearable device 2, function as
positioning information application units that acquire and
report an evacuation route to the user 7 using positioning
information. Furthermore, because the evacuation route 1s
communicated by both the gateway device 3 and wearable
device 2, the user 7 can easily learn the evacuation route
even 1f the gateway device 3 1s 1n the backpack or bag of the
user 7.

FIG. 6 shows examples of evacuation route displays. In
FIG. 6, the display content of the gateway device 3 and the
wearable device 2 differ. More specifically, because 1t has a
larger display area than the wearable device 2, the gateway
device 3 displays the evacuation route D to the evacuation
site R that 1s the closest of the three nearby evacuation sites
R, S, T to the current user location X. The gateway device
3 also displays the UTM gnd coordinates of the current
location X, and the current date and time.

Because 1ts display area 1s relatively small, the wearable
device 2 displays only the UTM gnid coordinates and the
direction 1n which to proceed to the closest evacuation site
R. By displaying the direction to proceed, the user 7 can be
casily guided along the evacuation route even 1f the display
screen 1s small, and the UTM grid coordinates of the current
location X can be simultaneously displayed using unused
display space.

In the reporting process, the controller 11, 21 may control
the audio output unit 17, 27 to provide spoken guidance by,
for example, speaking the UTM grid coordinates or the
evacuation route. Furthermore, 1f a print command 1is
received from the user 7, the controller 11, 21 may wire-
lessly transmit print data for printing the display image to a
printer 9 (see FIG. 2) within communication range for
printing out on a print medium.

Different display content 1s presented by the gateway
device 3 and wearable device 2 in the examples 1n FIG. 6,
but the same 1mages may be displayed. In this case, it the
user 7 can enlarge, move, and reduce the displayed images
by touch operation of the gateway device 3 and wearable
device 2, the evacuation route can be easily known inde-
pendently of the size of the display screen.

As described above, the guidance system 1 according to
this embodiment includes a wearable device 2 that 1s worn
by the user 7 and can acquire the current location, and a
gateway device 3 that communicates by near-field commu-
nication with the wearable device 2, and can acquire or store
current location information. Working together, the wearable
device 2 and gateway device 3 can determine whether the
first positioning information P1 indicating the current loca-
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tion of the wearable device 2, or second positioning infor-
mation P2 indicating the current location of the gateway
device 3, more accurately 1dentifies the location of the user
7 wearing the wearable device 2. As a result, the wearable
device 2 and gateway device 3 can use the positioning
information determined to be more accurate as the location
of the user 7. The location of the user 7 can therefore be
determined with great accuracy.

Because both the wearable device 2 and gateway device
3, using positioning mnformation determined with high accu-
racy, can execute a process ol reporting the positioning,
information determined to be most accurate to the user 7, the
location can be accurately reported to the user 7, and the user
7 can easily and accurately communicate the user’s location
to the another party.

Moreover, positioning information determined to be
highly accurate 1s converted to the grid coordinate system
(UTM grid coordinates, which are grid map coordinates
defined by an international standard) of maps used by
emergency responders that are candidates for reporting the
positioning 1nformation, and reported to the user 7. As a
result, the location can be communicated accurately to the
user 7 1n a format appropriate for informing emergency
responders, and the user can easily accurately communicate
the user’s location to emergency responders.

If the accuracy of the first positioning information P1 and
second positioning information P2 are determined to be the
same, the first positioning information P1 1s used as the
position of the user 7. Because the gateway device 3 1s more
likely to be at a location separated from the user 7 than the
wearable device 2, this enables the user 7 to more easily
acquire his position.

Because the wearable device 2 and gateway device 3 can
also acquire and 1nform the user 7 of an evacuation route
describing the route the user 7 should travel based on
positioning mformation determined with high accuracy, the
user 7 can be easily mformed of the route to take.

To acquire this evacuation route, a evacuation guidance
server 5 that provides evacuation routes based on position-
ing information 1s queried through the wearable device 2 for
an evacuation route based on positioning information deter-
mined with high accuracy, and an evacuation route 1s
acquired. Therefore, an appropriate evacuation route using
information known on the evacuation guidance server S side
1s easier to acquire. The evacuation guidance server 3 can
also acquire the location of the user 7, which can be useful
in later rescue eflorts.

In this embodiment of the invention, the gateway device
3 has a function for receiving disaster emergency reports D1.
When a report D1 1s recerved, a process of determining
whether the first positioning information P1 or second
positioning information P2 more accurately represents the
location of the user 7, and processes using this positioning
information are executed (positioning information reporting
process, evacuation route reporting process). As a result,
triggered by the disaster emergency report D1, the location
of the user 7 can be quickly and accurately determined, and
an appropriate response can be quickly devised based on this
location.

The foregoing examples describe preferable embodiments
of the mvention, but do not limit the scope of the invention,
and can be varied 1n many ways without departing from the
scope of the accompanying claims. For example, the pro-
cesses executed by the gateway device 3 and wearable
device 2 1n the foregoing embodiment may be switched
between the gateway device 3 and wearable device 2. For
example, the process of evaluating the accuracy of the first
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positioning information P1 and second positioning informa-
tion P2 1s executed primarily by the controller 21 of the
gateway device 3 1n the foregoing embodiment, but may be
executed primarily by the controller 11 of the wearable
device 2.

The wearable device 2 may also have the ability to receive
disaster emergency reports D1. In this case, when a report
D1 1s received, the gateway device 3 and wearable device 2
may be configured to work together to start the process of
evaluating the accuracy of the first positioning information
P1 and second positioning information P2, and execute a
process (positioning information reporting process, evacu-
ation route reporting process) using the positioning infor-
mation determined to be highly accurate. More specifically,
if the gateway device 3 1s a base station not carried by the
user 7, the wearable device 2 may preferentially execute
processes (receiving disaster emergency reports D1, deter-
mining the accuracy of the positioning information, asking
for an evacuation route, reporting to the user 7).

This embodiment of the invention uses the GPS system to
acquire the current location. Then, based on positioning
accuracy information DP1, DP2 (information related to GPS
positioning accuracy (DOP value, signal reception strength)
and time-of-acquisition information). This enables accu-
rately determining which positioning information 1s more
accurate.

Note that this determination may be based on at least one
of the DOP value, signal strength, and time-of-acquisition
information mnsofar as which of the first positioning infor-
mation P1 and second positioning information P2 1s more
accurate can be determined, or the decision may be based on
other information.

The foregoing embodiment describes a configuration hav-
ing an evacuation guidance server 5, but the evacuation
guidance server 3 may be omitted if the gateway device 3 or
wearable device 2 has the ability to determine an evacuation
route. The foregoing embodiment also describes reporting
positioning information and reporting an evacuation route as
uses of positioning mformation, but the mvention 1s not so
limited. The foregoing embodiment also describes applying
the invention to a gmdance system 1 related to emergency
response applications, but may be applied to gudance
systems for non-emergency applications. More specifically,
the 1nvention can be broadly applied to positioning infor-
mation application systems that use positioning information.

Because the wearable device 2 has a power generator 19
for generating operating power, the wearable device 2 can
continue to be used even 1n disasters and other events when
there 1s no power supply. As described above, the wearable
device 2 1s not limited to wristwatch-type configurations that
are worn on the wrist of the user 7, and may be configured
in any way enabling communication with the gateway
device 3, displaying images, or making images visible to the
user. More specifically, the wearable device 2 may be
configured as eyeglasses, rings, or clothing, for example.

The function blocks of devices including the wearable
device 2 and gateway device 3 shown in FIG. 2 represent
functional configurations embodied by the cooperation of
hardware and software, and the specific configuration of
devices in the gwdance system 1 1s not limited to the
foregoing block diagrams. Therefore, hardware correspond-
ing individually to the function blocks shown 1n the function
block diagrams 1s not required, and can obviously config-
ured by a single processor embodying the functions of
multiple function units by executing a program. Further-
more, some functions embodied by software in the forego-
ing embodiments may be embodied by hardware, and some
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functions embodied by hardware 1n the foregoing embodi-
ments may be embodied by software. The specific detailed
configuration of other parts of the guidance system 1 can
also be modified as desired without departing from the scope
of the accompanying claims.

REFERENCE SIGNS LIST

1 guidance system (positioning information application sys-
tem )

2 wearable device

3 gateway device

4 communication network

5 evacuation guidance server (service-providing server)

6 disaster reporting server

7 user

9 printer

11, 21 controller (decision unit, positioning information
application unit)

12, 22 sensor unit

13, 23 input unit

14, 24 storage

15, 25, 31 near-field communication unit

16, 26 display

17, 27 audio output unit

18, 28 position acquisition umnit

22 communicator

32 print unit

The 1nvention claimed 1s:

1. A positioning information application system compris-
ng:

a wearable device that 1s worn by a user and configured
to acquire a current position of the wearable device;
and

a gateway device that 1s a device capable of near-field
communication with the wearable device and 1s a
mobile gateway device that 1s configured to acquire or
store a current position of the gateway device,

the gateway device having a decision processor that
determines whether first positioning information indi-
cating the current position of the wearable device, or
second positioning information indicating the current
position of the gateway device, 1s more accurate as a
position of the user.

2. The positioning information application system
described 1n claim 1, further comprising: a positioning
information application processor that uses as the position of
the user whichever of the first positioning information and
the second positioning information was determined to be
more accurate, the positioning information application pro-
cessor executing a process ol reporting the positioning
information to the user.

3. The positioning information application system
described 1 claim 2, wherein: the positioning information
application processor converts the positioning information
to a grid coordinate system of a map used by organizations
that may be candidates to be informed of the positionming,
information, and reports to the user.
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4. The positioming information application system
described 1n claim 2, wherein: the positioning information
application processor, when the decision processor deter-
mines the accuracy of the first positioning information and
the second positioning information 1s the same, uses the first
positioning information for the position of the user.

5. The positioning nformation application system
described 1n claim 2, wherein: the positioning information
application processor acquires based on the positioning
information, and reports to the user, a route to be traveled by
the user.

6. The positiomng information application system
described 1n claim 5, wherein: the positioning information
application processor queries, through the gateway device, a
service-providing server, which provides a route to be
traveled based on positioning information, for a route based
on the positioning mnformation, and acquires the route.

7. The positioming information application system
described 1n claim 2, wherein: at least one of the wearable
device and the gateway device 1s configured to receive
emergency reports, and when a report 1s received, the
decision processor starts the decision process, and the posi-
tioning 1nformation application processor executes the
application process.

8. The positioning nformation application system
described 1n claim 1, wherein: acquisition of the current
position 1s done using GPS: and the decision processor,
based on at least information related to GPS positioning
accuracy, determines whether the first positioning informa-
tion or the second positioning information 1s more accurate.

9. The positioning nformation application system
described 1n claim 1, wherein:

the gateway device 1s a smartphone carried by the user, a

mobile terminal that 1s other than a smartphone and 1s
carried by the user, a drone that moves 1n conjunction
with movement of the user, or a mobile terminal that 1s
other than a drone and moves 1n conjunction with
movement of the user.

10. The positioning information application system
described 1n claim 1, wherein: at least one of the wearable
device and gateway device 1s capable of receiving a report
from an external server; the gateway device sends whichever
of the first positioning information and second positioning
information was determined to be the more accurate high
precision positioning data as the position of the user to the
external server, and has a positioning imnformation applica-
tion processor that receives position application information
based on the high precision positioning data from the
external server; and at least one of the wearable device and
gateway device reports the position application information
to the user.

11. The positioning information application system
described 1n claim 10, wherein:

the report 1s a disaster report of a disaster that occurred,

and the position application information 1s route infor-
mation for a route the user should travel.
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